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Lakes Nyos and Monoun intriguing ecosystems have been monitored for about the last 
three decades following their CO2 gas explosions. Despite the important role that 
prokaryotes play in lakes’ nutrient cycles, their community composition have not been 
investigated in both lakes. Equally, the microbial quality of groundwater, that is a very 
important commodity for people living in the vicinities of both lakes have not been 
assessed heretofore. The lack of knowledge regarding the two latter fields weakens the 
understanding of the lakes’ biogeochemistry and the awareness of the general issues 
related to water quality. 
This work consists of three parts. Parts one and two focus on the study of 
bacterial and archaeal communities composition of Lakes Nyos (I) and Monoun (II). 
The study used Polymerase Chain Reaction-Denaturing Gradient Gel Electrophoresis 
(PCR-DGGE), a profiling technique, as well as cloning/sequencing of 16S rRNA genes, 
on both lakes samples. Furthermore, quantitative analysis (qPCR) was performed on 
Lake Monoun’s samples to assess the prokaryotic abundance. The results of prokaryotes 
community studies on both lakes revealed that bacterial and archaeal communities are 
distributed along the water column following a stratified pattern in both lakes, with a 
rich microbial diversity likely to include several novel microorganisms. 
Physico-chemical data and microbial sequences suggested a close correspondence of the 
potential microbial functions to the physico-chemical pattern of the lakes. However, it 
appeared that prokaryotic communities markedly differed between both Lakes.  
Community members in Lake Nyos were represented by the potential bacterial phyla 
Actinobacteria (28.3%), Firmicutes (19.6%), Proteobacteria (15.2%), Candidate 
divisions (TM7, OP8, DO1) (10.9%), Bacteroidetes (8.7%), Chlorobi and Caldiserica 
(6.5% each) and Fusobacteria and Cyanobacteria (2.2% each). The phyla Thaumacheota 
was the only (100%) potential representant of archaeal communities.  
For Lake Monoun, the retrieved sequences were distributed into six phyla for 
bacteria. Sequences matching with bacteria of the Proteobacteria group dominated 
(63.7%), followed by Chloroflexi and Spirochaetes (12.1% each), then Firmicutes 
(6.0%), and finally Bacteroidetes (3.0%) and Nitrospirae (3.0%). As for sequences 
obtained with the archaeal primer, they were distributed into the phyla Euryarchaeota 
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(23.3%) and Thaumarchaeota (20.0%). The highest (56.7%) proportion did not match 
with known archaea and was termed as unclassified. Absolute quantitative PCR of the 
16S rRNA gene for bacteria and archaea showed that bacteria were numerically more 
important than archaea in all the samples and that bacterial abundance decreases while 
archaeal abundance increases with depth. 
In the third part (III), the study focused on identifying biological indicators of 
pollution in groundwater sources in the vicinities of Lakes Nyos and Monoun. Culture 
methods were used to detect and count total coliforms, fecal coliforms and fecal 
streptococci in water samples. Results revealed the presence of the three bacterial 
indicators in nearly all the water sources. In the Lake Monoun area, all the 19 analysed 
samples contained total coliforms. Then, 16 (84.2%) and 17 (89.5%) samples contained 
faecal coliforms and faecal streptococci, respectively. All the 17 samples collected 
around Lake Nyos contained total and faecal coliforms, and 16 (94.1%) samples 
contained faecal streptococci. The high bacterial counts raise a concern on the 
suitability of those water sources which are used for drinking and other domestic 
purposes. This study provides evidence of fecal contamination in most of the water 
sources in both areas, implying health threat to consumers  and suggesting the 
necessity to improve attention to environmental sanitation control. 
The work presented in this thesis is a first approach in studying the microbial 
diversity in Lakes Nyos and Monoun and in assessing bacterial quality of groundwater 
in the vicinities of both lakes. It brings light on two important aspects, namely: on one 
hand, the knowledge of community composition and diversity, which increase our 
understanding of the plausible biogeochemical functioning of both lakes, and which can 
be used for monitoring and predicting environmental change and guide for further 
studies in microbial ecology. On the other hand, the detected bacterial indicators give a 
snapshot of the status of the water resource in the vicinities of the lakes. Which can be 
used as a guide to water management, and to predicting the presence of certain 
pathogens, and therefore, protecting local people’s health. 
【論文審査の結果の要旨】 
 













































































Lakes Nyos and Monoun intriguing ecosystems have been monitored for about the last three 
decades following their CO2 gas explosions. Despite the important role that prokaryotes play in lakes’ 
nutrient cycles, their community composition have not been investigated in both lakes. Equally, the 
microbial quality of groundwater, that is a very important commodity for people living in the vicinities 
of both lakes have not been assessed heretofore. The lack of knowledge regarding the two latter fields 
weakens the understanding of the lakes’ biogeochemistry and the awareness of the general issues 
related to water quality. 
This work consists of three parts. Parts one and two focus on the study of bacterial and archaeal 
communities composition of Lakes Nyos (I) and Monoun (II). The study used Polymerase Chain 
Reaction-Denaturing Gradient Gel Electrophoresis (PCR-DGGE), a profiling technique, as well as 
cloning/sequencing of 16S rRNA genes, on both lakes samples. Quantitative analysis (qPCR) of Lake 
Monoun’s samples was performed to assess the prokaryotic abundance. The results of prokaryotes 
community studies on both lakes revealed that bacterial and archaeal communities are distributed 
along the water column following a stratified pattern in both lakes, with a rich microbial diversity 
likely to include several novel microorganisms. Physico-chemical data and microbial sequences 
suggested a close correspondence of the potential microbial functions to the physico-chemical pattern 
of the lakes. However, it appeared that prokaryotic communities markedly differed between both 
Lakes.  
Community members in Lake Nyos were represented by the potential bacterial phyla 
Actinobacteria (28.3%), Firmicutes (19.6%), Proteobacteria (15.2%), Candidate divisions (TM7, OP8, 
DO1) (10.9%), Bacteroidetes (8.7%), Chlorobi and Caldiserica (6.5% each) and Fusobacteria and 
Cyanobacteria (2.2% each). The phyla Thaumacheota was the only (100%) potential representant of 
archaeal communities.  
The retrieved sequences were distributed into six phyla for bacteria. Sequences matching with 
bacteria of the Proteobacteria group dominated (63.7%), followed by Chloroflexi and Spirochaetes 
(12.1% each), then Firmicutes (6.0%), and finally Bacteroidetes (3.0%) and Nitrospirae (3.0%). As for 
sequences obtained with the archaeal primer, they were distributed into the phyla Euryarchaeota 
(23.3%) and Thaumarchaeota (20.0%). The highest (56.7%) proportion did not match with known 
archaea and was termed as unclassified. Absolute quantitative PCR of the 16S rRNA gene for bacteria 
and archaea showed that bacteria were numerically more important than archaea in all the samples and 
that bacterial abundance decreases while archaeal abundance increases with depth. 
In the third part (III), the study focused on identifying biological indicators of pollution in 
groundwater sources in the vicinities of Lakes Nyos and Monoun. Culture methods were used to detect 
and count total coliforms, fecal coliforms and fecal streptococci in water samples. Results revealed the 
presence of the three bacterial indicators in nearly all the water sources. In the Lake Monoun area, all 
the 19 analysed samples contained total coliforms. Then, 16 (84.2%) and 17 (89.5%) samples 
contained faecal coliforms and faecal streptococci, respectively. All the 17 samples collected around 
Lake Nyos contained total and faecal coliforms, and 16 (94.1%) samples contained faecal streptococci. 
The high bacterial counts raise a concern on the suitability of those water sources which are used for 
drinking and other domestic purposes. This study provides evidence of fecal contamination in most of 
the water sources in both areas, implying health threat to consumers and suggesting the necessity to 
improve attention to environmental sanitation control. 
The work presented in this thesis is a first approach in studying the microbial diversity in Lakes 
Nyos and Monoun and in assessing bacterial quality of groundwater in the vicinities of both lakes. It 
brings light on two important aspects, namely: on one hand, the knowledge of community composition 
and diversity, which increase our understanding of the plausible biogeochemical functioning of both 
lakes, and which can be used for monitoring and predicting environmental change and guide for 
further studies in microbial ecology. On the other hand, the detected bacterial indicators give a 
snapshot of the status of the water resource in the lakes’ vicinities. Which can be used as a guide to 
water management, and to predicting the presence of certain pathogens, and therefore, protecting local 
people’s health. 
